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(57) Abstract: The invention rclarcs to a mixing device (5) for mixing fluids in a multiple bed downflow reactor comprising: (i) a 
substantially horizontal collection tray (6); (ii) a swirl chamber (7) Tor mixing liquid arranged below the collection tray (6), having 
an upper end part that is in direct fluid communication with the upper surface (9) of the collection tray (6) and an outlet opening 
(10) at its lower end, wherein the swirl chamber (7) has a length that is at least 0.35 times its inner diameter, and (iii) a substantially 
horizontal distribution tray (13) located below the swirl chamber (7), which distribution tray (13) is provided with a plurality of 
openings or downcomers (14) for downward flow of liquid and gas. The invention further relates to a multiple bed downflow reactor 
comprising such a mixing device and to the use of such a reactor in hydrocarbon processing. 
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MIXING DEVICE COMPRISING A SWIRL CHAMBER FOR MIXING 

LIQUID 

The present invention relates to a mixing device for 
mixing fluids in a multiple bed downflow reactor, to a 
multiple bed downflow reactor comprising such a device 
and to the use of such a reactor in hydrocarbon 
processing. 

A multiple-bed downflow reactor is a reactor in which 
gas and liquid flow co-currently downward through a 
number of reaction beds arranged one below the other. 
Such reactors are used in the chemical and petroleum 
refining industries for effecting various processes such 
as catalytic dewaxing, hydrotreating and hydrocracking. 
In these processes a liquid phase is typically mixed with 
a gas phase and the mixed fluids are passed over a 
particulate catalyst maintained in the reaction beds. 
As the fluids pass concurrently through a reaction bed f 
the distribution of liquid and gas across the reaction 
bed will tend to become uneven with adverse consequences 
with regard to the extent of reaction and also 
temperature distribution. In order to achieve a uniform 
distribution of liquid and gas and of temperature in the 
fluids entering the next lower reaction bed, a fluid 
mixing device, of which there are many different types, 
is usually placed between the reaction beds. These 
devices provide for liquid-liquid, gas-gas, and gas- 
liquid mixing and for homogenous distribution of the 
mixed fluids over the next lower reaction bed. 

Such fluid mixing devices are known in the art. Known 
fluid mixing devices, for example from EP 716 881, 
WO 97/46303, and WO 99/28024, have the advantage that 
they have a relatively low vertical length, thereby 
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minimising the space and volume requirements for the 
devices . 

It has, however, been found that these known small- 
length mixing devices have the disadvantage that fluid 
mixing is not optimal when gas and/or liquid loads 
deviate importantly from their normal values, i.e. at 
high turn-down ratios. Important deviations from the 
normal values may for example occur after modification of 
a reactor, modification of a process line-up of which the 
reactor forms part, or use of an existing reactor for a* 
different purpose. 

Thus, there is a need in the art for fluid mixing 
devices that provide for a good fluid mixing performance 
over a wide range of gas and liquid loads, i.e. at high 
turn-down ratios. An object of the present invention is 
to find an optimum between the length of the mixing 
device and the fluid mixing performance at high turn-down 
ratios . 

It has now been found that an excellent mixing 
performance over a wide range of gas and liquid loads, 
typically from as low as 33% to as high as 200% of the 
normal loads, can be achieved by using a mixing device 
wherein the liquid-liquid mixing is performed in a swirl 
chamber having a certain ratio of length and diameter. 

Accordingly, the present invention relates to a 
mixing device for mixing fluids in a multiple bed 
downflow reactor comprising: 

(i) a substantially horizontal collection tray; 

(ii) a swirl chamber for mixing liquid arranged below 
the collection tray, having an upper end part that is in 
direct fluid communication with the upper surface of the 
collection tray and an outlet opening at its lower end, 
wherein the swirl chamber has a length that is at least 
0.35 times its inner diameter; and 
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(iii) a substantially horizontal distribution tray 
located below the swirl chamber, which distribution tray 
is provided with a plurality of openings or downcomers 
for downward flow of liquid and gas. 

For optimal fluid mixing, especially at high turn- 
down ratios, it is preferred that the swirl chamber has a 
length that is at least 0.50 times its inner diameter, 
more preferably at least 0.65 times its inner diameter. 
In order to limit the length of the mixing device and 
therewith the volume occupied in the reactor, the length 
will generally not be larger than 1.5 times its inner 
diameter. 

Reference herein to the length of the swirl chamber 
is to the vertical distance between the lower point of 
its inlet or inlets and its outlet opening. In the case 
of a polygonal swirl chamber, reference herein to its 
inner diameter is to the largest cross-sectional distance 
between opposite side walls through the central axis of 
the chamber. 

The mixing device according to the invention may 
comprise more than one swirl chamber. Preferably it has 
one swirl chamber located along the central longitudinal 
axis of the mixing device. 

The substantial horizontal collection tray of the 
mixing device of the present invention may be curved or 
conical, provided that the upper end part of the swirl 
chamber is in direct fluid communication with the upper 
surface of the lowest point of the collection tray. 
Reference herein to a substantial horizontal tray is to a 
tray having its symmetry axis perpendicular to the 
horizontal plane. Preferably, the collection tray is 
flat. 

Preferably, the collection tray is further provided 
with means for passage of gas, preferably in the form of 
at least one downcomer extending through the collection 
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tray, the downcomer (s) being provided with a gas inlet 
opening located above the collection tray and a gas 
outlet opening located at the level of the lower surface 
of or below the collection tray. The downcomer (s) is/are 
preferably provided with a fluid deflector plate located 
above the gas inlet opening. The gas outlet opening may 
be axial or radial. Preferably, the downcomer has a 
radial outlet opening in combination with a curved plate 
that directs the gas to the radial outlet opening in 
order to minimise pressure drop. 

The mixing device may further comprise means for 
distributing a quench fluid located above the collecting 
tray, in order to achieve cooling of effluent between the 
reaction beds of a multiple-bed downflow reactor. Means 
for distributing a quench fluid are well known in the art 
and are described, for example, in EP 427 733, 
US 3,787,189 and US 3,855,068. 

The mixing device has a distribution tray below the 
outlet opening of the swirl chamber for evenly 
distributing gas and liquid before the fluids enter a 
lower reaction bed. Suitable distribution trays are known 
in the art, for example from EP 716 881, EP 715 544, and 
US 5,989,502. A preferred distribution tray is the one 
disclosed in EP 716 881. 

The mixing device of the present invention may 
further comprise a substantially horizontal pre- 
distribution tray arranged between the swirl chamber and 
the distribution tray. Such pre-distribution trays are 
known in the art. The pre-distribution tray may be round, 
square or rectangular in shape and has preferably a 
diameter that is smaller than the diameter of the 
distribution tray. Preferably, the pre-distribution tray 
is provided with an overflow weir at its perimeter. The 
tray is provided with a plurality of openings, preferably 
located near its perimeter. The advantages of having a 
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pre-distribution tray are that it enables liquid to be 
spread more evenly over the distribution tray and it 
helps to promote liquid-liquid interactions and thus 
liquid equilibration. 

The present invention further relates to a multiple 
bed dovmflow reactor comprising vertically spaced apart 
reaction beds, preferably beds of catalyst particles, 
and, between adjacent reaction beds, a mixing device as 
hereinbefore defined. 

. Such a reactor has at least one inlet for gas and/or 
liquid, at least one outlet for reactor effluent and at 
least two consecutive reaction beds, typically beds of 
catalyst particles, each bed resting upon a support tray. 
The construction of suitable support trays is known in 
the art. For instance, commonly applied support trays 
comprise one or more permeable plates such as sieve 
plates supported by support beams, whereby the catalyst 
bed rests upon the said permeable plates. Gaseous and 
liquid products formed in the reactions occurring in the 
catalyst bed are passed through the permeable plates to 
the subsequent catalyst bed or reactor outlet. Such 
reactors are typically used in the hydroprocessing of 
hydrocarbon oils. 

In a further aspect, the invention relates to the use 
of a multiple bed downflow reactor as hereinbefore 
defined in hydrocarbon processing, preferably in 
catalytic dewaxing, hydrotreating, hydrocracking, or 
hydrodesulphurisation . 

The mixing device and the reactor according to the 
invention will now be illustrated by way of example by 
means of schematic Figures 1 and 2. Similar parts in 
different figures are referred to with the same reference 
numerals . 

Figure 1 is a longitudinal section of part of a 
reactor according to the invention showing an embodiment 
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of the mixing device according to the invention and the 
catalyst beds located above and below the mixing device. 

Figure 2 shows a longitudinal section of the 
downcomer for gas of the mixing device shown in Figure 1, 
the section being through line II-II in the plane 
perpendicular to the plane of the drawing of Figure 1. 

In Figure 1 is shown part of the side wall 1 and two 
adjacent catalyst beds 2a and 2b of a multiple-bed 
reactor. The catalyst beds 2a and 2b are supported on 
sieve plate 3, supported by support beams (not shown) . A 
mixing device 5 according to the invention is positioned 
between catalyst beds 2a and 2b. The mixing device 5 
comprises a flat, horizontal collection tray 6 and a 
swirl chamber 7 arranged below the collection tray 6. The 
swirl Chamber 7 has an open upper end 8 that is in direct 
fluid communication with the upper surface 9 of 
collection tray 6, an outlet opening 10 at its lower end, 
and means 11 for imposing a swirling action on the liquid 
passing through it. The mixing device 5 comprises means 
for passage of gas in the form of three downcomers for 
gas 12 (only one downcomer shown) extending through the 
collection tray 6. A distribution tray 13 provided with a 
plurality of downcomers 14 is located below swirl 
chamber 7 and a pre-distribution tray 15 comprising an 
overflow weir 16 and a plurality of openings 17 is 
located between swirl chamber 7 and distribution tray 15. 
The mixing device further comprises a quench ring 18. 

During normal operation of the mixing device shown in 
Figure 1, effluent from catalyst bed 2a is cooled by 
quench fluid from quench ring 18. The liquid effluent is 
collected on collection tray 6 and enters swirl chamber 7 
through its open upper end 8. In the swirling chamber 7, 
a swirling movement is imposed on the liquid by swirling 
means 11. Suitable means for imposing a swirling action 
on fluids are known in the art, for example a tangential 
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inlet opening, swirling vanes or baffles attached to the 
inner surface of the side wall of the swirl chamber or 
the like. The combination of a swirling action imposed on 
the liquid and the length of the swirling chamber result 
in excellent liquid-liquid mixing over a wide range of 
liquid and gas throughput. It is an advantage of the 
mixing device according to the invention that the degree 
of liquid-liquid mixing achieved in swirl chamber 7 is 
practically independent of the gas load. The mixed liquid 
leaves the swirl chamber 7 via outlet opening 10. 
Preferably, the swirling chamber 7 is provided with vanes 
(not shown) or the like near the outlet opening 10 to 
stop the swirling movement of the liquid and thus 
increasing turbulence and further improving liquid-liquid 
mixing. 

Effluent gas from catalyst bed 2a passes collection 
tray 6 via downcomers for gas 12. Part of the effluent 
gas may pass collection tray 6 via swirl chamber 7. It 
will be appreciated that it will inter alia depend on the 
gas and liquid loads and on the size, shape and location 
of the inlet (s) of the swirl chamber and the gas inlet 
opening (s) of the means for passage of gas, what part of 
the effluent gas will pass through the means for gas 
passage and what part through the swirl chamber. 

Alternatively, the mixing device according to the 
invention does not comprise separate means for passage 
for gas, in which case all effluent gas will pass the 
collection tray via the swirl chamber. 

In the mixing device according to the invention, gas- 
gas mixing is effected upon quenching and upon passage of 
gas through the downcomers for gas 12 and/or swirl 
chamber 7 . 

The liquid leaving swirl chamber 7 accumulates on 
pre-distribution tray 15, where it passes downwardly to 
distribution tray 13 beneath through openings 17 or, 



WO 02/48286 



- 8 - 



PCT/EP01/14736 



sometimes, by breaching the overflow weir 16. Gas is 
deflected by the pre-distribution tray 15 and flows to 
the distribution tray 13. 

At the distribution tray 13, equilibrated gas and 
liquid phases are brought together. The distribution 
tray 13 serves two purposes. Firstly, it evenly 
distributes liquid and gas before the fluids enter a 
lower reaction bed 2b and, secondly, it allows contact 
between liquid and gas to provide liquid-gas interaction. 

In Figure 2, one of the downcomers for gas 12 of 
Figure 1 is shown in greater detail. The downcomer 12 has 
a gas inlet opening 19 located above collection tray 6, a 
radial gas outlet opening 20, located below collection 
tray 6, a fluid deflector plate 21 located above gas 
inlet opening 19, and a curved plate 22 to direct the gas 
that passes through the downcomer to radial outlet 
opening 20. 
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CLAIMS 

1. A mixing device for mixing fluids in a multiple bed 
downflow reactor comprising: 

(i) a substantially horizontal collection tray; 

(ii) a swirl chamber for mixing liquid arranged below 
5 the collection tray, having an upper end part that is in 

direct fluid communication with the upper surface of the 
collection tray and an outlet opening at its lower end, 
wherein the swirl chamber has a length that is at least 
0.35 times its inner diameter; and 
10 (iii) a substantially horizontal distribution tray 

located below the swirl chamber, which distribution tray 
is provided with a plurality of openings or downcomers 
for downward flow of liquid and gas. 

2. A mixing device according to claim 1, wherein the 
15 length of the swirl chamber is at least 0.5 times its 

inner diameter, preferably at least 0.65 times its inner 
diameter. 

3. A mixing device according to claim 1 or 2, wherein 
the collection tray is further provided with means for 

20 passage of gas, preferably in the form of at least one 

downcomer extending through the collection tray, the 
downcomer(s) being provided with a gas inlet opening 
located above the collection tray and a gas outlet 
opening located at the level of the lower surface of or 

25 below the collection tray. 

4. A mixing device according to any one of the preceding 
claims, which further comprises means for distributing a 
quench fluid, the means being located above the 
collection tray. 

30 5. A mixing device according to any one of the preceding 

claims, which further comprises a substantially 



/ 



WO 02/48286 



- 10 - 



PCT/EPO 1/1 4736 



horizontal pre-distribution tray arranged between the 
swirl chamber and the distribution tray. 

6. A multiple bed downflow reactor comprising vertically 
spaced apart reaction beds, preferably beds of catalyst 
particles, and, between adjacent beds, a mixing device as 
defined in any one of the preceding claims. 

7. Use of a multiple bed downflow reactor as defined in 
claim 6 in hydrocarbon processing. 



WO 02/48286 PCT/EPO 1/1 4736 

1/2 



Fig.1. 



s 



s 



1± 

-18 



,1^ 



16 
17 



r-i 
i I 



s 
s 



■II 



\ 

12 



15 



\ 
s 
s 
\ 
s 




•II 



WO 02/48286 



2/2 



PCT/EPO 1/1 4736 



Fig.2. 

19 - — ■ 

ifzzzi 



21 



12 



S 




{ 



INTERNATIONAL SEARCH REPORT 



It Mortal Application No 

PCT/EP 01/14736 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 C10G49/00 B01J8/04 



According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C106 B010 



Documentation searched other than minimum documentation to the extent thai such documents are included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PA J 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 837 208 A (BUNTING JR ROBERT L ET 
AL) 17 November 1998 (1998-11-17) 
the whole document 

US 3 353 924 A (JAMES RIOPELLE) 
21 November 1967 (1967-11-21) 
figure 1 

WO 00 37171 A (CHEVRON USA INC) 
29 June 2000 (2000-06-29) 
the whole document 

US 5 462 719 A (PEDERSEN MICHAEL J ET AL) 
31 October 1995 (1995-10-31) 
the whole document 



-/- 



1-7 



1-7 



1-7 



1-7 



| X| Furtn er documents are listed in the continuation of box C. 



ID 



Patent family members are listed In annex. 



0 Special categories of cited documents : 

•A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlter document but published on or after the international 
filing date 

'L* document which may throw doubts on priority cJaJmfe) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'(7 document referring to an oral disclosure, use, exhibition or 
other means 

"P 1 document published prfor to the International filing date but 



T" later document published after the international fifing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

■X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y 1 document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
m the art. 



Date of the actual completion of the international search 

11 April 2002 


Date of mailing of the international search report 

18/04/2002 


Name and mailing address of the ISA 

European Patent Office, P.& 5818 Patentfaan 2 
NL-2280HVRrjswijk 
Tel (+31-70) 340-2040. Tx. 31 651 epo rd, 
Fax (+31-70) 340-3016 


Authorized officer 

De Herdt, 0 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



li rtionaJ Application No 

PCT/EP 01/14736 



C.(ContlnuaHon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indlcalbn.where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 716 881 A (SHELL INT RESEARCH) 
19 June 1996 (1996-06-19) 
cited 1n the application 
the whole document 

US 5 935 413 A (MULDOWNEY GREGORY P 
AL) 10 August 1999 (1999-08-10) 
the whole document 



ET 



1-7 



1-7 



Form BCT/ISAttIO (continuation of second sliest) (Jury 1982) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 




Publication 




Patent family 


Publication 
data 


In QOory*h rarvsrt 

uicu in sccuun repori 




data 




member(s) 


US 5837208 


A 


17-11-1998 


NONE 






US 3353924 


A 


21-11-1967 


BE 


684143 A 


16-fl1-lQ67 








CH 


436226 A 


31-05-1967 








DE 


1542461 Al 


16-04-1970 








FR 


1486678 A 


JU UO ISO/ 








GB 


1119887 A 


17-07— 1QAA 








NL 


6609889 A B 


1 7-m-1Qfi7 
1/ Ul lyO/ 








SE 


306074 B 


AO li liJOo 


WO 0037171 


A 


29-06-2000 


US 


6183702 Bl 


06-02-2001 








AU 


1208700 A 


12-07-2000 








CA 


2320768 Al 


29-06-2000 








CN 


1295495 T 


16-05-2001 








EP 


1056537 Al 


06-12-2000 








WO 


0037171 Al 


29-06-2000 


US 5462719 


A 


31-10-1995 


NONE 







tional Application No 

PCT/EP 01/14736 



EP 0716881 A 19-06-1996 



EP 


0716881 


Al 


19-06- 


-1996 


AU 


699855 


B2 


17-12- 


-1998 


AU 


3014095 


A 


07-03- 


-1996 


BR 


9503739 


A 


16-04- 


-1996 


CA 


2156590 


Al 


24-02- 


-1996 


CN 


1128177 


A ,B 


07-08- 


-1996 


DE 


69502798 


Dl 


09-07- 


-1998 


DE 


69502798 


T2 


22-10- 


-1998 


ES 


2116675 


T3 


16-07- 


-1998 


JP 


8066628 


A 


12-03- 


-1996 


SG 


33465 


Al 


18-10- 


-1996 


US 


5635145 


A 


03-06- 


-1997 



US 5935413 A 10-08-1999 W0 9928024 Al 10-06-1999 

US 6180068 Bl 30-01-2001 



Font. PCT/1SA/210 (patent family areiax) (July teas) 



